Background: Malnutrition has been associated with poor health outcomes in hospitalized patients. This study assessed the validity of the scored patient-generated subjective global assessment (PG-SGA) in adult patients who had undergone an open appendectomy, and examined the association of this assessment tool with length of hospital stay.
T he incidence of malnutrition is between 15% and 50% in hospitalized patients and poor nutrition has been associated with longer hospital stays, higher complication rates, higher hospital costs, and higher mortality rates. [1] [2] [3] Therefore, nutritional status should be accurately evaluated and receive effective intervention to improve the consequences of malnutrition.
The scored patient-generated subjective global assessment (PG-SGA) is a nutrition measurement tool developed by Ottery. [4] The PG-SGA is an alteration of the certified nutrition assessment tool, the subjective global assessment (SGA), [5] which has been specifically used to evaluate patients with cancer [6, 7] or chronic illness. [8] [9] [10] This nutritional assessment tool for assessing patients with acute surgical abdomen, has seldom been used in recent medical studies. Acute appendicitis is a common indication for abdominal surgery with a life-time incidence between 7% and 9%. The incidence of acute appendicitis is greatest in the second and third decades of life, but the risk of developing acute appendicitis does not disappear at any age. [11] Appendectomy for acute appendicitis is one of the most common general surgical operations. [12] Length of hospital stay (LOS) has been used as a surrogate marker of patients' well-being during hospital treatment and reflects the integration of severity of illness and patient's health status as affected by genetics, [13] the extent or severity of the trauma or disease, overall medical or surgical treatment, quality of care, and availability of intermediary and long-term care facilities. [14] Reducing LOS, thus, has potential to decrease health care costs, risk of infections, and other hospital-acquired diseases for improving patient quality of life. [13] The objective of this study was to assess the validity of the scored PG-SGA as a nutritional assessment tool in adult patients who had undergone an appendectomy and to examine the association of the scored PG-SGA with LOS.
METHODS

Inclusion criteria of study participants
This retrospective study enrolled patients who had undergone an operation for suspected appendicitis at Chang Gung Memorial Hospital, Chiayi, Taiwan, between April 2010 and July 2011. The inclusion criteria of the study participants were as follows: Age ranging from 18 to 65 years, appendectomy with open procedure confined to the right lower abdominal incision (McBurney's point), and appendicitis histology confirmed by a pathologist. The Multidisciplinary Ethics Committee of the hospital approved the study (No. 100-3422B).
Data collection
Information on age, sex, body weight, body height, body mass index, C-reactive protein, hemoglobin, white blood count, LOS, Alvarado score, comorbidity defined according to Charlson scoring system, [15] complications during hospitalization (e.g., wound infection, intra-abdominal abscess, wound hematoma and postoperative ileus), and histologic reports of an appendix were collected from patient medical records. LOS was coded as 0 for patients discharged during the day of admission. The Alvarado score is a clinical scoring system used to diagnose appendicitis. The score has 6 clinical items and 2 laboratory measurements, totaling 10 points. [16] Scored patient-generated subjective global assessment Nutrition assessment was conducted by experienced dietitians within 24 hours after admission by using the scored PG-SGA, anthropometric, and biochemical parameters. The scored PG-SGA comprises a medical history (weight loss, nutrition effect symptoms, intake, and functional capacity), which is completed by the patient using a check box format, as well as a physical examination, which is completed by the examiner to evaluate fat, muscle stores, and fluid status. Points were assigned for each element of the PG-SGA (0 to 4), depending on the effect on nutritional status. The responses provided by participants were initially corroborated by the examiner, who subsequently yielded a global rating of well-nourished (SGA-A), moderately nourished or suspected of being malnourished (SGA-B), or severely malnourished (SGA-C). Numerical scores were allocated for each tool component and subsequently summed. Typical scores range from 0 to 35, with a higher score reflecting a greater risk of malnutrition and scores ≥ 9 indicating a critical need for nutrition intervention and symptom treatment. [4] Measurements Three measurements were conducted in this study. Regarding nutritional status, well-nourished and malnourished participants were compared. The variables potentially influencing LOS were then analyzed. The final goal is to determine the validity of the PG-SGA score in predicting the nutritional status (well-nourished vs. malnourished) of adult patients who had undergone an appendectomy.
Statistical analyses
A Chi-squared test and independent t test were used to compare the categorical and continuous baseline characteristics between the well-nourished and malnourished patients. The Wilcoxon rank-sum test was used to compare the PG-SGA and Alvarado scores between the well-nourished and malnourished patients. Simple linear regression analysis was used to identify potential predictors for LOS. Predictors with a p < 0.10 were entered into a multiple regression model to identify which of them significantly correlated with LOS. The Spearman rank correlation analysis was used to examine the correlation between LOS and the PG-SGA score. Receiver operator characteristic (ROC) analysis was used to examine the validity of the PG-SGA score to predict the global classifications of well-nourished or malnourished status. Stata 11 for Windows (StataCorp LP, College Station, Texas, USA) was used for statistical analyses.
RESULTS
General characteristics of study participants
A total of 172 patients had undergone an operation for suspected appendicitis in our hospital during the period from April 2010 to July 2011. Among the 172 patients, 86 patients met the inclusion criteria and 86 patients were excluded (including 20 patients confirmed with no appendicitis, 2 being opened from lower midline incision, 32 being younger than 18 y, 22 being older than 65 y, and 10 having appendicitis proven by histology but having insufficient data). The baseline characteristics of the 86 study participants are shown in Table 1 . The study included 86 patients (52 men and 34 women) with a mean age (± SD) of 41.9 ± 14.8 (range, 18-65) years. The anthropometric data revealed the mean weight at 65.0 ± 15.9 kg and 24.5 ± 4.0 kg/m 2 for the body mass index (BMI). According to SGA classification, 71 patients (83%) were well-nourished (SGA-A), 14 patients (16%) were moderately nourished or suspected of being malnourished (SGA-B), and only one patient (1%) was severely malnourished (SGA-C). Fifteen patients (17%) were diagnosed as malnourished in this study, comprising SGA-B and SGA-C. The median (IQR) of PG-SGA scores for the 86 study participants was 3 (0-5). The mean white blood count (WBC) was 13940 ± 3576 cell/uL and the median of the Alvarado score for appendicitis was 7 (6-8). The mean LOS was 4.6 ± 2.7 days.
Comparison of variables between well-nourished and malnourished patients
When the participants were grouped according to their SGA ratings, the adult malnourished patients who had undergone an open appendectomy were significantly older than well-nourished patients (53.0 ± 12.3 years vs. 39.5 ± 14.3 years, p = 0.001) [ Table 2 ]. The median PG-SGA and Alvarado scores were significantly higher in the malnourished patients than in well-nourished patients (p < 0.001 and p = 0.028, respectively). The number of white blood cells was slightly elevated in the malnourished patients compared with that of the well-nourished group (p = 0.056). The mean LOS was longer in the malnourished patients (6.9 ± 4.2 d) than in the well-nourished patients (4.1 ± 1.9 d, p = 0.021).
The presence of comorbidity was significantly higher in the malnourished patients (p = 0.003) compared with the well-nourished patients. The existence of comorbidity defined in the Charlson scoring system occurred in 19 (27%) of the well-nourished participants and in 10 (67%) of the malnourished participants. The main comorbidity occurring in the well-nourished participants was mild liver disease (37%), whereas diabetes mellitus (50%) was the main comorbidity in the malnourished participants [ Table 3 ].
The overall complications involved 18 events (21%). Thirteen events in the well-nourished patients included : Wilcoxon rank-sum test; WBC: White blood count; PG-SGA: Patient generated subjective global assessment; CRP: C-reactive protein; Hb: Hemoglobin 12 wound infections and one hematoma. Five events occurred in the malnourished patients: 2 wound infections, one hematoma, one intra-abdominal abscess, and one postoperative ileus. There was no statistically significant occurrence of complication between the 2 groups. The following variables exhibited no significant difference in the well-nourished and malnourished patients: Sex, body weight, body mass index, levels of C-reactive protein, and hemoglobin.
Correlation between scored patient-generated subjective global assessment score and length of hospital stay
Simple regression analysis demonstrated that the following variables were critical risk factors for LOS: PG-SGA score (p < 0.001) and presence of comorbidity (p = 0.032) [ Table 4 ]. The remaining variables, sex, age, body mass index, Alvarado score, white blood count, and C-reactive protein were not significant. The factors of PG-SGA score and presence of comorbidity were still significant variables in performing multiple regression analysis on LOS for adult patients who had undergone an open appendectomy (p = 0.001and p = 0.044, respectively). Correlation analysis revealed a significantly positive correlation between LOS and PG-SGA score (Spearman's rho = 0.378, p < 0.001) [ Figure 1 ].
Validity of scored patient-generated subjective global assessment score and receiver operator characteristic curve
Based on the triage recommendations of Ottery, [4] a PG-SGA score between 4 and 8 points indicates the need for dietitian intervention in conjunction with a nurse or physician, as indicated by symptoms; a PG-SGA score ≥ 9 points indicates the need for critical nutritional intervention; thus, the validity of the PG-SGA score in predicting the global classifications of well-nourished or malnourished patients was determined. The ROC curve depicting the cross-validity of the PG-SGA score is presented in Figure 2 . The area under the ROC curve for the PG-SGA score compared with nutritional status (well-nourished vs. malnourished) is 0.9751, showing high accuracy according to an arbitrary standard. [17, 18] The cutoff value of 7 points using the scored PG-SGA had the highest accuracy (97.67%) in this analytic model. The sensitivity and specificity of the PG-SGA scores for nutritional status were 86.67% and 100%, respectively.
DISCUSSION
To the best of our knowledge, this study was the first to evaluate the nutritional status of patients with acute appendicitis by using the scored PG-SGA. Numerous previous studies have used the PG-SGA score to assess the nutritional status of patients with chronic illness [9, 10, 19, 20] and cancer, [21] [22] [23] [24] rather than assessing patients with acute illness, in contrast to the current study. We determined the nutritional status of adult patients who had undergone an appendectomy by using the scored PG-SGA and assessed the associations Acute appendicitis is a common cause of abdominal surgery with a life-time incidence between 7% and 9%, [11] and an appendectomy is one of the most common surgical procedures. Adults with acute appendicitis receiving an open appendectomy were the inclusion criteria in this study. Some previous studies have suggested that appendicitis in elderly people [25, 26] and children [27] is commonly associated with delayed diagnosis or atypical presentation, a high rate of perforation and complications, and increased LOS. A meta-analysis of randomized controlled trials showed that a laparoscopic appendectomy provides considerable benefits over an open procedure, including a shorter hospital stay, less postoperative pain, and a lower complication rate. [28] Based on both of these reasons, this study established limit to reduce the selection bias and improve the accuracy of the results.
According to the categorical grouping of SGA, 71 patients (83%) were well-nourished and 15 (17%) were malnourished. The incidence of malnutrition was relatively low in this study compared to those that have examined patients with cancer, [8] chronic kidney disease, [9] and stroke, [10, 19] which have ranged from 19.2% to 74%. This is possibly because the participants in this study had acute illness instead of chronic illness or cancer. Only one studyon chronic pulmonary disease had lower incidence (15.2%), [20] and the authors of that study considered a higher socioeconomic status of the participants to be the main cause.
The malnourished participants in the current study had significantly higher (median, IQR) PG-SGA scores (8, (7) (8) (9) (10) compared with the well-nourished participants (2, 0-4). This finding agrees with studies that have used this screening tool to evaluate patients with cancer, [7, 8, 20] chronic kidney disease, [9] and stroke. [10] The scored PG-SGA yields both a qualitative categorization (well-nourished, moderately nourished or suspected of being malnourished, and severely malnourished) and a quantitative score. The categorization can be used to determine the nutritional status of patients and the score can be used to triage nutrition intervention, [4] as an outcome measure to demonstrate change in nutritional status, [29] or as a surrogate measure of change in quality of life. [30] The numerical score is more sensitive to smaller changes in nutritional status than the global categorization. [29] Compared to the well-nourished patients, the malnourished patients were of significantly older age (p = 0.001), even though we limited the age of included participants to between 18 and 65 years. The Alvarado score was used to assess the findings of several clinical and laboratory studies to identify the patients who were suspected of appendicitis and required surgical management. [31] This study found that the malnourished participants had a significantly higher Alvarado score compared to the well-nourished participants (p = 0.028). The higher the Alvarado scores are, the higher the SGA rating is. This is because some items assessed in the Alvarado score exist in SGA categorization, such as abdominal pain, nausea, vomiting, and anorexia. In other words, malnourished patients might have weaknesses in their immune response to infections.
Comorbidity has been proven as an independent determinant of costs and LOS in surgical patients. [32] The critical variable of a higher comorbidity rate occurred in the malnourished group (67% vs. 27%, p = 0.003). Diabetes mellitus was the major comorbidity in the malnourished patients, whereas mild liver disease was the major comorbidity in the well-nourished patients. The presence of comorbidity was a slightly significant risk factor for LOS for adult patients receiving an appendectomy after regression analysis (coefficient = 1.334, p = 0.044). This might be because malnourished patients easily contract a chronic illness, such as diabetes mellitus, peptic ulcer disorder, rheumatologic disease, chronic kidney, or liver and pulmonary disease, thus compromising their defense system to conquer acute insult and prolonging LOS. The other variables of sex, body weight, body mass index, C-reactive protein level, hemoglobin, white blood count, and surgical complications were not significant in this study.
LOS has been used as a surrogate marker of patient well-being during hospital treatment. [13] Reducing the LOS has the potential to decrease health care costs, risk of infections, and to improve patient quality of life. [13] The data revealed that malnourished patients had significantly longer LOS (6.9 ± 4.2) compared to well-nourished patients (4.1 ± 1.9, p = 0.021). The factor of PG-SGA Table 4 ]. A significantly positive correlation existed between PG-SGA score and LOS (rho = 0.378, p < 0.001) [ Figure 1 ]. The possible reason was the participants with higher PG-SGA score might present with more nutrition effect symptoms, such as fever, poor appetite, vomiting, diarrhea or abdominal pain. These unfavorable events could compromise the participants' ability to overcome the acute surgical impacts, then getting more surgical complications or delaying postoperative recovery which resulted in longer LOS. Horsley et al., reported nutritional status as determined by PG-SGA score to be significantly associated with LOS for peripheral blood stem cell transplantation participants. [33] Laky et al., considered the PG-SGA score to be a critical variable for predicting LOS in univariate analysis, but did not deem the PG-SGA score significant in the multivariate model for gynecological cancer patients. [13] Based on these results, the PG-SGA score was determined to be a significant predictor of LOS, in that the mean LOS was significantly lower in the well-nourished group versus that of the malnourished group among cancer patients and adult patients receiving an open appendectomy. The limitation of this study is the severity of acute appendicitis not examined whether affected LOS, although longer LOS in participants with complicated appendicitis has been well-known. [34] The validity of the PG-SGA score with nutritional status has been measured from 2 aspects. Ottery [4] recommended that triage nutrition intervention be based on the PG-SGA score, which requires involvement by a dietitian, nurse, and physician when the score is from 4 to 8; and a PG-SGA score ≥ 9 indicates the need for critical nutrition intervention options. The results showed that the area under the ROC curve is 0.9751, with a sensitivity of 86.7% and a specificity of 100% for predicting nutritional status (ie, malnourished or well-nourished), when the cutoff value of the PG-SGA score is 7. Laky et al., [23] reported that the PG-SGA score is a significant parameter for predicting the nutritional status of gynecological cancer patients and the AUC is 0.92. In patients with chronic obstructive pulmonary disease, the PG-SGA score is an effective nutrition assessment tool and has a sensitivity of 82% and a specificity of 79% if the PG-SGA score is ≥ 9. Using the PG-SGA score to predict nutritional status of adult patients who had undergone an open appendectomy is superior to the methods used in the previous 2 studies. The likely reason is due to the participants in this study belonged to acute disease that upset within a couple days, rather than those who suffered from chronic illness or cancer for a longer period. A significantly positive correlation also existed between the PG-SGA score and LOS. This emphasizes the advantage of using the PG-SGA score to forecast LOS, which might reduce health care costs, lower the risk of infections, and improve patient well-being.
In summary, malnutrition in adults receiving an open appendectomy is associated with prolonged LOS.The scored PG-SGA is an effective tool for assessing the nutritional status of patients with cancer and chronic illness, as well as of patients with acute surgical abdomen.
